Abstract: Collagens, the most abundant proteins in animals, also occur in some recently described nucleocytoplasmic large DNA viruses such as Mimiviridae, which replicate in amoebae. To clarify the impact of viral collagens on the immune response of animals exposed to Mimiviridae, we have investigated the localization of collagens in Acanthamoeba polyphaga mimivirus particles and the response of mice to immunization with mimivirus particles. Using protein biotinylation, we have first shown that viral collagen encoded by the ORF L71 is present at the surface of mimivirus particles. Exposure to mimivirus collagens elicited the production of anti-collagen antibodies in DBA/1 mice immunized intradermally with mimivirus protein extracts. This antibody response also targeted mouse collagen type II and was accompanied by T-cell reactivity to collagen and joint inflammation as observed in collageninduced arthritis following immunization of mice with bovine collagen type II. The broad distribution of nucleocytoplasmic large DNA viruses in the environment suggests that humans are constantly exposed to such large virus particles. A survey of blood sera from human healthy subjects and from rheumatoid arthritis patients indeed demonstrated that 30% of healthy subject and 36% of rheumatoid arthritis sera recognized the major mimivirus capsid protein L425. Moreover, whereas 6% of healthy subject sera recognized the mimivirus collagen protein L71, 22% of rheumatoid arthritis sera were positive for mimivirus L71. Accordingly, our study shows that environmental exposure to mimivirus represents a risk factor in triggering autoimmunity to collagens. 30% of healthy subject and 36% of rheumatoid arthritis sera recognized the major 35 mimivirus capsid protein L425. Moreover, whereas 6% of healthy subject sera recognized 36 the mimivirus collagen protein L71, 22% of rheumatoid arthritis sera were positive for 37 mimivirus L71. Accordingly, our study shows that environmental exposure to mimivirus 38 represents a risk factor in triggering autoimmunity to collagens. 
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Introduction

41
Nucleocytoplasmic large DNA viruses (NCLDVs) represent a growing group of giant viruses 42 found in various types of aquatic environments (1) . NCLDVs include Poxviridae, Asfarviridae, 43 Iridoviridae, Ascoviridae, Phycodnaviridae, Mimiviridae, and Marseilleviridae (2). The
44
Paramecium bursaria chlorella virus PBCV-1 was the first large DNA virus characterized at 45 the molecular level and shown to harbor a complex genome of 330 kbp (3) . But the largest 46 NCLDVs described to date belong to Mimiviridae, which occur in fresh and saline 47 environments and replicate within amoebae (4). Acanthamoeba polyphaga mimivirus was 48 the first Mimiviridae isolated from a cooling water tower and characterized in 2003 (5).
49
Other members of Mimiviridae include megavirus isolated from a marine environment (6) , 
64
The ubiquitous distribution of NCLDVs in aquatic environments (16, 17) 
Giant virus infection and protein extraction -Acanthamoeba polyphaga and mimivirus
84
were provided by Didier Raoult (CNRS UMR6020, Université de la Méditerranée, Marseille).
85
Marseillevirus (2) was isolated from a water sample collected from the Lake of Zurich.
86
Amoebae were routinely cultured as monolayer in PYG medium at 28°C as previously 87 described (5). Mimivirus and marseillevirus were added to multiplicity MOI 10 to amoebae 88 and newly formed virus were collected from the culture supernatant 2 days post infection. Table 1 ). The L71 protein 207 has 945 amino acids with 4 collagen domains encompassing 561 amino acids (Fig. 1) . The (Table 1) .
213
Mimivirus proteins promotes arthritis in mice
214
Considering the surface expression of collagen L71, we have addressed the potential of (Fig. 2A) . By contrast, immunization with recombinant L71 protein alone and 224 immunization with marseillevirus proteins failed to elicit joint inflammation ( Fig. 2A) .
225
Altered cartilage integrity and synovial hyperplasia were evident in joints of mice 226 immunized with bovine collagen type II and to a lesser extent in mice immunized with 227 mimivirus proteins (Fig. 2B) .
228
The breakage of immune tolerance induced by bovine collagen and mimivirus proteins was (Fig. 3) . The lower antibody response 235 achieved with L71 immunization may account for the lack of joint inflammation seen in these 236 mice. The cross-reactivity of T-cells was investigated in recall assays (25). Cells isolated from 237 draining lymph nodes of the immunized mice were found to proliferate in response to in 238 vitro presentation of denatured fragments of mouse collagen type II (Fig. 4A) , bovine 239 collagen type II (Fig. 4B) , and mimivirus collagen protein L71 (Fig. 4C) , thereby confirming 
Immunity to mimivirus in humans 248
To determine whether humans are commonly exposed to mimivirus, we first examined the 249 presence of antibodies against mimivirus in 100 healthy subjects by ELISA using whole 250 mimivirus proteins as antigens. Reactivity to mimivirus proteins was variable; 58 human 251 sera showed significant IgG titers in the 5% range of titers observed in the sera of rabbits 252 previously immunized with mimivirus proteins (Fig. 5) . To identify the major mimivirus 253 proteins recognized by human sera, we coupled the IgG fraction of sera from healthy subjects protein G beads were identified by mass spectrometric peptide sequencing after trypsin 257 digestion. The major capsid protein L425 was found in all samples followed by the putative 258 GMC type oxidoreductase R135 and core protein L410, which were found in seven from ten 259 samples (Table 2) . Interestingly, the most frequent mimivirus proteins recognized by human 260 sera were surface proteins according to our surface biotinylation study (Table 1) (Fig. 7) , thereby demonstrating the specificity of 285 the antibody response to mimivirus L71 collagen. Accordingly, this work confirmed that the 286 reactivity to mimivirus collagen was 3.5 times more frequent in the pool of rheumatoid 287 arthritis sera in comparison to the limited reactivity of sera from healthy subjects.
288
Discussion
289
The present study demonstrated that mice generated auto-reactive anti-collagen antibodies does not preclude a more general effect of mimivirus on priming an auto-immune response.
304
The sequence similarity between a stretch of mimivirus L71 and human collagen type II ( Scores for viral proteins recognized by 5 healthy subject sera and 5 rheumatoid arthritis sera Anti CII IgG (U/ml) * * *
